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1 Introduction
Cosmic inflation [1–3] is the most promising candidate for a solution to the flatness and
horizon problem in the standard cosmology, which also explains the existence of the primor-
dial density fluctuation. Especially, slow-roll inflation models naturally realize the almost
scale invariant fluctuation of the curvature, and the predicted spectrum of the fluctuation
is tested by the observation of the cosmic microwave background (CMB).
The observational results from Planck satellite [4] show the small tensor-to-scalar ra-
tio r and the spectral tilt ns ∼ 0.96, which can be naturally realized in the Starobinsky
model [2] and the Higgs inflation model with a non-minimal coupling between the Higgs
boson and the Ricci scalar [5]. On the other hand, the recent discovery of the primordial
gravitational wave reported by BICEP2 experiment [6] strictly constrains many inflation
models if it is verified by the other experiments. The result implies that the field value of
the inflaton during inflation will be much larger than the Planck scaleMpl ∼ 2.4×1018GeV,
e.g. the simple chaotic inflation [7], and then estimating the effects of Planck-suppressed
terms in the scalar potential become more and more important in such a model building.
In supergravity-based inflation models, such Planck-suppressed terms arise through
the Ka¨hler potential in general. In most cases, such terms spoil the flatness of the inflaton
potential, that is, the so-called η-problem arises. Therefore, it is important to impose
certain symmetries to Ka¨hler potential terms which protect the enough flatness of the
potential. For example, realization of the chaotic inflation in supergravity [8] requires a
shift symmetry for the inflaton multiplet. In ref. [29], to realize the single field inflation
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models in supergravity, more general Ka¨hler potential structures including such as the
Heisenberg symmetry are discussed.
The structure of the Ka¨hler potential is also important from the viewpoint of the
supersymmetry (SUSY) breaking effects. SUSY should be broken at some scale higher
than the electroweak scale. In many cases, it is assumed that SUSY is broken in a hidden
sector, and the standard model sector feels its effects mediated by the gauge or Planck
suppressed interactions typically. For the later case, the structure of the Ka¨hler potential
plays the crucial role to determine the structure of soft supersymmetry breaking terms
relevant to the (super)particle phenomenology at a low energy.
It is remarkable that the SUSY breaking effects required at the minimum of the scalar
potential (where the present universe resides in) can in general affect the global structure
of inflaton potential (the trajectory of inflaton dynamics toward its minimum). In some
works (e.g. [11, 12, 28]), it was discussed that such effects may spoil the flatness of the
inflationary trajectory through the Planck suppressed operator, which is mostly related to
the structure of the Ka¨hler potential.
In this paper, we will discuss the relation between the SUSY breaking effects at the
minimum of the scalar potential and those during the inflation, by focussing on the infla-
ton Ka¨hler potential. We will notice that the structure of the Ka¨hler potential governs
the behavior of terms induced by the SUSY breaking. We will show that the essential
properties of such terms can be easily understood from a field-dependent rescaling factor
of the physical mass scales based on the conformal supergravity framework [13, 14].
The remaining of this paper consists of four sections. In section 2, we will discuss the
SUSY breaking effects in three inflation models with different types of Ka¨hler potential.
Then we will find that the critical size of the SUSY breaking scale, above which the
inflationary potential is spoiled, is totally different model by model depending on their
Ka¨hler structure. From the conformal supergravity point of view, we illustrate such a
difference in terms of the rescaling factor of gravity-mediated SUSY breaking terms in the
Einstein frame in section 3. After that, we will focus on the class of models which are
compatible with the recent results from the BICEP2 experiment in section 4. Finally, we
conclude in section 5.
2 SUSY breaking effects on various inflation models
In this section, we discuss the SUSY breaking effects in three illustrative inflation models
which contain different types of Ka¨hler potential. In every model, for comparison, we
assume the SUSY breaking sector X with the same superpotential terms,
W
✘
✘✘SUSY =W0 + µ
2X, (2.1)
whereW0 and µ are complex constants in general but we assume they are real for simplicity
because these complex phases do not play essential roles in our discussion. Here and
hereafter all the mass scales are measured in the unit Mpl = 1.
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Each of the three inflation models has a different one of the following three types of
Ka¨hler potential K = Kmin,Kconf ,Kshift from each other,
Kmin = |Φ|2, (2.2)
Kconf = −3 log
(
−Ωconf
3
)
= −3 log
(
−1
3
(−3 + |Φ|2 + J(Φ) + J(Φ¯))
)
, (2.3)
Kshift = Kmin +
1
2
(Φ2 + h.c.) =
1
2
(Φ + Φ¯)2, (2.4)
where Φ is a chiral multiplet and J(Φ) is a holomorphic function of Φ. In the Einstein
frame, the general supergravity (SUGRA) Lagrangian is given by
L = −KIJ¯∂µφI∂µφ¯J¯ − VE + · · · , (2.5)
VE = e
K
[
KIJ¯(∂IW + ∂IKW )(∂J¯W¯ + ∂J¯KW¯ )− 3|W |2
]
−1
2
(Re fAB)GIk
I
AGJk
I
B, (2.6)
where KIJ¯ = ∂I∂J¯K is the Ka¨hler metric, φ
I is the scalar component of a chiral multiplet
ΦI , G = K + log |W |2 denotes the Ka¨hler invariant function, kAI is the Killing vector of φI
under a gauge group A, and the ellipsis denotes terms including higher-spin fields. Then we
find that both the following two types of Ka¨hler potential Kmin and Kshift give a canonical
kinetic term for the chiral multiplet Φ contained in each of them.
On the other hand, the general form of the SUGRA Lagrangian in the Jordan frame [15,
16] is given by
LJ = −Ω
6
R−
(
1
3
ΩKIJ¯ −
ΩIΩJ¯
Ω
)
∂µφ
I∂µφ¯J¯ − VJ + · · · , (2.7)
VJ =
Ω2
9
VE , (2.8)
where VE is shown in eq. (2.6) and the so-called frame function Ω is a real function of φ
I
and φ¯J¯ . In the case that Ω is related with the Ka¨hler potential K as
Ω = −3e− 13K , (2.9)
we find a (non-)canonical kinetic term of φI for K = Kconf (for K = Kmin or Kshift) in
this frame. Therefore, each one of the three types of Ka¨hler potential should be called
“minimal” in the different context. The first type, Kmin, and the third one, Kshift, will be
called minimal forms in the Einstein frame SUGRA, while the second one, Kconf , should
be referred to as the minimal one in such a sense that it produces a canonical kinetic term
in Jordan frame SUGRA.1
1We should note that the Lagrangian (2.7) contains a term δL = A2µ, where Aµ ≡ i6 (∂µΦIKI−∂µΦ¯J¯KJ¯),
and therefore even if we choose the Ka¨hler potential as Kconf , the kinetic terms of a scalar is not a canonical
form exactly. However, as discussed in refs. [15, 16], Aµ vanishes on the inflationary trajectory in many
inflation models, and then the kinetic term of the inflaton becomes a canonical one. In the later discussion,
we discuss such kind of models.
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For the purpose of our study, we will employ the D-term hybrid inflation [17, 18],
the universal attractor inflation [19], and the chaotic inflation [8–10], each has the Ka¨hler
potential Kmin, Kconf and Kshift respectively, and study the SUSY breaking effects on these
typical and illustrative inflation models,2 looking at the difference between them.
2.1 Minimal Ka¨hler model
First, we discuss a D-term hybrid inflation [17, 18] with Kmin. The Ka¨hler potential and
superpotntial are given by
K = |Φ|2 + |S+|2 + |S−|2, (2.10)
W = λΦS+S−, (2.11)
where λ is a real constant, S± are chiral multiplets with the charges q± = ±1 under a local
U(1) symmetry, respectively.
As mentioned before, we simply add the following terms to consider the SUSY breaking
effects on this model,
δK = |X|2 − |X|
4
Λ2
, (2.12)
δW = W
✘
✘✘SUSY, (2.13)
where Λ (≪ 1) is a real constant.
The supersymmetric mass terms for S+ and S− arise in the scalar potential if the
VEV of |S±| is sufficiently large. Taking the condition into account that the cosmological
constant vanishes at the minimum, the scalar potential can be expressed by
V ≃ g
2χ2
2
+ e|Φ|
2 |Φ|2W 20 +m2+|S+|2 +m2−|S−|2 +m2X |X|2
+(m2±S+S− + αXX + h.c.), (2.14)
where χ is a so-called Fayet-Iliopoulos parameter in the D-term of local U(1) gauge multi-
plet, and
m2+ = e
|Φ|2 [λ2|Φ|2 + (1 + |Φ|2)W 20 ] + g2χ, (2.15)
m2− = e
|Φ|2 [λ2|Φ|2 + (1 + |Φ|2)W 20 ]− g2χ, (2.16)
m2± = e
|Φ|2(−1 + |Φ|2)λW0Φ. (2.17)
If there are no SUSY breaking effects, m2− is positive for |Φ| > Φc where Φc satisfies
the following equation,
e|Φc|
2 |Φc|2 = g
2χ
λ2
. (2.18)
2The first two inflation models with the original choice of parameters are not favored by the recent
observational results if we combine both the data from Planck and BICEP2 experiments. We will discuss
the models with/without the different choice of parameters from the original ones, which are compatible
with the BICEP2 result in section 4.
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Figure 1. The |Φ|-dependences of the scalar potential (2.19) with different values of W0 are
shown. The ratio between SUSY breaking scale W0 ∼ m3/2 and the inflation scale H∗ ≡
√
g2χ2/6
is changed for each line.
When the VEV of |Φ| becomes smaller than |Φc|, S− obtains the tachyonic mass and the
inflation ends. We have to note that even if the SUSY breaking effects exist, the value of
|Φc| is not so altered.
After integrating out the heavy modes, we obtain the following effective potential for
the inflaton field |Φ|,
Veff ≃ g
2χ2
2
+ e|Φ|
2 |Φ|2W 20 +
g4χ2
16pi2
(
1 + log
λe|Φ|2 |Φ|2
Q2
)
, (2.19)
where the last term is produced by the one-loop effects and Q is a renormalization scale
which we choose Q2 = g2χ here. In figure 1, we show the behaviors of the effective
potential with various values of W0 ∼ m3/2, where m3/2 is the gravitino mass. The SUSY
breaking scale increases as the parameter W0 gets larger, and we find from figure 1, at the
same time, the scalar potential becomes steeper in the large field region |Φ| & log10 H∗W0 =
log10
gχ√
6W0
. Therefore we can confirm that a successful inflation can not be realized if the
ratio W0/H∗ =
√
6W0/gχ is larger than 3
√
3× 10−2.3
2.2 The conformal model
In this subsection, we analyze the universal attractor inflation with SUSY breaking effects
discussed in ref. [19]. The Ka¨hler potential K and superpotential W are given by
K = −3 log
(
−Ω
3
)
, (2.20)
Ω = Ωconf + |S|2 − 3ζ
2 + ξ(f(
√
2Φ) + f(
√
2Φ¯))
|S|4, (2.21)
3Here, we choose the set of model parameters (g, χ, λ) as (1/
√
2, 1.72× 10−5, 0.02).
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J(Φ) = −1
2
Φ2 − 3
2
ξf(
√
2Φ), (2.22)
W = λf(
√
2Φ)S, (2.23)
where ξ, λ are real constants, and Φ, S are chiral multiplets. The inflaton field in this
model is φ ≡ Re Φ/√2 and the other fields are stabilized at their origin during inflation.
For ξ ≫ 1, independently to the choice of the function f(Φ), the spectral tilt of scalar
perturbation ns and tensor-to-scalar ratio r in this model are universally attracted to
ns = 1− 2
N∗
, (2.24)
r =
12
N2∗
, (2.25)
respectively, where N∗ is the number of the e-foldings before the inflation end. It is re-
markable that this attractor point of (ns, r) is the central value of the Planck results [4].
We consider the SUSY breaking effects on this model by adding the following terms
in Ω = −3e−K/3 and W ,
δΩ = |X|2 − |X|
4
Λ2
, (2.26)
δW = W
✘
✘✘SUSY. (2.27)
The scalar component of Goldstino multiplet X (sGoldstino) can be stabilized at
around its origin if the constant Λ is much smaller than 1, as in the case of section 2.1.
Then, the effective potential during inflation Veff is obtained as
Veff(φ) =
1
(1 + ξf(φ))2
(
λ2f(φ)2 + µ4 − 3W
2
0
1 + ξf(φ) + 32ξ
2f ′(φ)2
)
. (2.28)
By requiring the condition for the vanishing cosmological constant at the minimum
Veff(φmin) = 0 with φmin ∼ 0, the parameter µ is written by the other ones and then
Veff is written as
Veff(φ) =
1
(1 + ξf(φ))2
(
λ2f(φ)2 + 3W 20
ξf(φ) + ξ2f ′(φ)2
1 + ξf(φ) + 32ξ
2f ′(φ)2
)
. (2.29)
For f(φ) = φ, we show the behaviors of the potential with various SUSY breaking scales in
figure 2. In contrast to the case of the minimal Ka¨hler model in section 2.1, it is remarkable
that the deformation of scalar potential is negligibly small even when SUSY breaking scale
becomes large. This fact can be easily understood from the arguments in section 3.
2.3 The minimal Ka¨hler model with a shift symmetry
We now discuss the chaotic inflation with an F-term potential [8–10]. In this model, the
Ka¨hler potential is given by Kshift, which is invariant under the following transformation,
Φ→ Φ+ ic, (2.30)
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Figure 2. The φ-dependences of the scalar potential (2.29) with ξ = 100 and different values of
W0 are shown. In this model, the set of parameters (ξ, λ) are chosen as (100, 10
−5). The ratio
between W0 and the Hubble parameter H∗ ∼
√
V (N∗=50)
3 ∼ 5.77 × 10−6 for each line is different
from each other (N∗ is a number of e-foldings before the inflation end), although those lines are
indistinguishably overlapped.
where c is a real constant. The superpotential is given by
W = mΦS, (2.31)
where m is a real constant and S is a chiral multiplet. In general, the scalar component
of S plays the role of the sGoldstino during inflation, and a quartic term |S|4 is necessary
in the Ka¨hler potential to stabilize S during inflation. Therefore, the chaotic inflation in
supergravity can be realized with the following Ka¨hler potential,
K = Kshift + |S|2 − ζ|S|4, (2.32)
and the superpotential (2.31), where ζ is a real constant.
As in the other models discussed so far, we add the SUSY breaking sector which has
the following Ka¨hler and superpotential,
δK = |X|2 − |X|
4
Λ2
, (2.33)
δW = W
✘
✘✘SUSY. (2.34)
When the coefficient of the quartic term ζ and 1/Λ2 are sufficiently large, the field values
of S and X become small during inflation. Then the scalar potential can be expanded with
respect to S and X. Therefore we take into account the terms up to O(|S|2, |X|2, . . .) in
the following analysis, and the scalar potential is represented by
V ≃ e 12 (Φ+Φ¯)2 [m2|Φ|2 + (Φ + Φ¯)2W 20 ]
+m2S |S|2 +m2X |X|2 + (αSS + αXX +mSX¯SX¯ + h.c.), (2.35)
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where αS,X and m
2
S,X in the second line are Φ-dependent coefficients which satisfy m
2
I ≫
|αI | for I = S,X respectively.
By integrating out the heavy modes S and X, we obtain the effective potential dur-
ing inflation,
Veff ≃ eσ2
[(
1
2
m2 + 2W 20
)
σ2 +
1
2
m2φ2
]
, (2.36)
where we define real fields σ and φ by Φ = (σ + iφ)/
√
2.
We notice that only the real part σ is affected by the SUSY breaking effect. This is
a consequence of the shift symmetry in the Ka¨hler potential (2.32), and then the inflaton
φ is not affected by SUSY breaking terms. After integrating out σ, we obtain the usual
chaotic inflation potential
Veff ≃ 1
2
m2φ2. (2.37)
In this type of models, SUSY breaking effects do not affect the inflationary trajectory
even if the SUSY breaking is larger than the Hubble scale.4
3 The effective suppression scale of SUSY breaking terms
In this section, we interpret the behavior of inflaton potential terms induced by the SUSY
breaking, especially their response to a change of the magnitude of SUSY breaking from
the conformal supergravity point of view. The application of conformal supergravity to
cosmology was throughly studied in ref. [21]. The conformal supergravity description is
quite useful to understand the effects of underlying symmetries on cosmology as well as
particle physics in supergravity models [22]. Furthermore, the transformations between
different cosmological frames, e.g., the Einstein and the Jordan frames, are easily performed
with such a description.5
As shown in appendix. A, the structure of the F-term scalar potential is changed
depending on the gauge fixing condition of the superconformal symmetry. All the di-
mensionfull quantities in the chiral matter action (A.1) are related to the field value of
the chiral compensator S0, which is fixed by the dilatation gauge condition (A.6), that is
|S0|2 = −3/Ω = eK/3 in the unitMpl = 1, corresponding to the Einstein frame. After fixing
the superconformal symmetry, the compensator multiplet produces the gravitational cor-
rections to the Lagrangian terms of matter fields, especially to the scalar potential, through
their couplings with S0 and the F-term of compensator F˜
S0 in eq. (A.4), those disappear
in the decoupling limit of gravity (i.e., the global SUSY limit). Here we call the SUSY
4We do not include the back reaction from the VEVs of the scalars other than the inflaton because
they become small if the quartic couplings in the Ka¨hler potential are sufficiently large. Otherwise, our
statement will be changed. We briefly discuss the back reaction effects in appendix. B. Recently the effects
of the back reaction are also studied in ref. [28] by W. Buchmuller et al, and their results confirm our
statements.
5Recently, inflationary potential in supergravity was reconsidered in terms of the Jordan frame quantities
in ref. [24] based on conformal supergravity.
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breaking terms induced by F˜S0 “pure” gravity-mediated ones. On the other hand, there
also exist terms involving the F-term itself of chiral multiplet X in the SUSY breaking sec-
tor, which also deform the scalar potential thorough the interaction with the compensator.
The latter terms are not called “pure” gravity-mediated ones in our terminology.
Let us reconsider the SUSY breaking effects on the inflationary potential discussed in
section 2, those are represented by the potential terms proportional to W 20 in our setup.
The effective potential of the D-term inflation (2.19) in the minimal Ka¨hler model can be
rewritten with the dilatation gauge fixing Ω = −3/|S0|2 as,
V mini =
g2χ2
2
− 27W
2
0
Ω3
|Φ|2 + g
4χ2
16pi2
(
1 + log
−3√3λ|Φ|2
g2χΩ3/2
)
. (3.1)
We notice that the second term in eq. (3.1) proportional to the factor Ω−3 is the “pure”
gravity-mediated SUSY breaking term. The first and the third terms are originated from
the D-term potential and its quantum corrections. They are physically conformal invariant
quantities, and then such terms can not couple to the compensator multiplet S0 directly.
Therefore they are not affected by the rescaling factor Ω.
Similarly, the scalar potential in the conformal model (2.29) can also be rewritten
with Ω,
V conf =
λ
ξ2
(
1 + Ω/3
2 + Ω/3
)2
+
27W 20
Ω2
(
ξf(φ) + ξ2f ′(φ)2
1 + ξf(φ) + 32ξ
2f ′(φ)2
)2
. (3.2)
The second term in eq. (3.2) proportional to Ω−2 can be regarded as the SUSY breaking
effect induced by the F -term itself of X. It is worth noting that the difference of the
power of Ω between the “pure” gravity-mediated term in eq. (3.1) and the second term in
eq. (3.2) arises because they have essentially different origins from each other as indicated
above (see also appendix A).
Although terms induced by the SUSY breaking are proportional to the negative power
of Ω in both the above models, the sensitivities of them to the SUSY breaking scale
are drastically different, as shown in figures 1 and 2. To understand such a feature, we
have to recognize the functional form of Ω in each model. In the minimal Ka¨hler model,
|Ω| = 3 exp(−|Φ|2/3) decreases as the field value of |Φ| becomes larger, and therefore
the SUSY breaking term is enhanced compared with the other supersymmetric terms in
eq. (3.1). On the other hand, |Ω| = 3(1 + ξf(φ)) in the conformal model increases as the
field value of the inflaton φ getting larger. Then the SUSY breaking term is suppressed at
the large field value of φ in eq. (3.2).
In any case, the field-dependent factor Ω can be interpret as the rescaling factor of the
physical dimensionfull quantities of the chiral matter action. We show the simple explana-
tion of Ω playing a role of the rescaling factor in appendix A, and here we just summarize
it. In the conformal supergravity framework, there are no dimensionfull parameters in the
action (A.1), and the dimensionful quantities arise after fixing the dilatation symmetry.
Then, in the Poincare´ supergravity in the Einstein-frame, dimensionfull quantities appear
as a consequence of rescaling fields by the dilatation-fixing scale determined as shown in
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eq. (A.6). The effects of the rescaling are governed by the factor Ω depending on the cou-
plings of matter fields with the compensator multiplet. Therefore, the gravity-mediated
supersymmetry breaking terms are suppressed or enhanced by such a rescaling factor. Fur-
thermore, because the F -component itself of chiral compensator can induce SUSY breaking
terms in general, especially at the SUSY breaking Minkowski miminum of the supergravity
potential, they are distinctive from the other SUSY breaking terms with the different power
of Ω in their factors.
We also have to mention the terms which are not suppressed by the rescaling factor.
The first and the third term in eq. (3.1) arise from the gauge interaction which possesses
a physical conformal symmetry at the classical level.6 On the other hand, the first term in
eq. (3.2) is indeed suppressed by the factor O(1/Ω) for a large Ω, however, the suppression
is canceled by the same power of Ω in the numerator and such a mechanism leads to
the universal attractor behavior [19], that is a consequence of the special form of Ka¨hler
potential (2.3) in this model.
Finally, the chaotic inflation model discussed in section 2.3 does not suffer from the
SUSY breaking effects. This fact is by virtue of the shift symmetry responsible for the
flatness of (supersymmetric) inflaton potential, which also forbids the existence of the
“pure” gravity-mediated SUSY breaking terms of the inflaton.7 It is remarkable that the
shift symmetric structure of the Ka¨hler potential assures that the rescaling factor Ω does
not depend on the field shifted by the symmetry transformation. In such a model, it is
described as
|Ω| = 3 exp
(
−K(Φ + Φ¯)
3
)
. (3.3)
If the inflaton field is identified as Im Φ, the above mentioned rescaling factor does not
decrease or increase even when the field value of inflaton varies. Therefore, the gravity-
mediated SUSY-breaking effects are not enhanced even if they exist.8
4 Implications from BICEP2 results
Recently, the BICEP2 collaboration reported the non-zero value of tensor-to-scalar ratio r.
Although there is a tension between the results from the BICEP2 and Planck experiments,
it is important to discuss the class of models which are compatible with the BICEP2 result.
Therefore, in this section, we focus on such a class of models and discuss the behavior of the
SUSY breaking effects in those models. The observed value of the tensor-to-scalar ratio is
r = 0.16+0.06−0.05, (4.1)
after subtracting the best available estimate for a foreground dust.
6We can also say that the gauge multiplets have their Weyl weight compatible with their canonical
dimensions, and therefore they do not interact with the compensator S0.
7The shift symmetric structure generally appears for the axions in string theory, where the axion mass
is generated by some non-perturbative superpotential at the leading order. Such a fact is important for,
e.g., the realization of multi-natural inflation in supergravity [20].
8In our setup, we do not include the couplings between X and Φ, such as c|X|2|Φ|2 in the Ka¨hler
potential, which break the shift symmetry. If such a coupling exists, the gravity-mediated scalar mass of
inflaton is induced.
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Figure 3. The behaviors of the scalar potential (2.29) and various values of W0 are shown. The
set of model parameters (ξ, λ) is chosen as (0.01, 10−5). The SUSY breaking scale W0 ∼ m3/2
is normalized by the Hubble parameter H∗ ∼ 5.77 × 10−6 at N∗ = 50, which is the number of
e-foldings before the end of inflation. Except for the case with W0/H∗ = 0.1, all the lines are
indistinguishably degenerated.
Such a large tensor-to-scalar ratio can be realized in the models discussed in section 2.2
and 2.3. The usual chaotic inflation discussed in section 2.3 predicts
r =
8
N∗
= 0.16 (for N∗ = 50), (4.2)
which is compatible with the observed value (4.1).
The model discussed in section 2.2 can realize the similar value to eq. (4.1) if the
constant ξ is much smaller than 1, because a shift-symmetry for the inflaton φ is restored
in the limit of ξ → 0. With a small but non-zero ξ, the inflaton potential is affected by
the SUSY breaking effects through the small shift symmetry breaking term in the Ka¨hler
potential. In figure 3, we show the scalar potential with the SUSY breaking effects in the
case of ξ ≪ 1. We recognize that the SUSY breaking effects change the shape of inflaton
potential in this case. In the case of ξ > 1 which predicts the almost vanishing r, the
SUSY breaking effects are sufficiently suppressed and the scalar potential is not affected
even if the SUSY breaking scale is comparable with the Hubble scale during the inflation.
However, in the former case with ξ ≪ 1 required by BICEP2, the absolute value of Ω
discussed in the previous section does not become large enough during the inflation, which
makes the inflaton potential more sensitive to the SUSY breaking than the case of ξ > 1.9
Even in the model with Kshift studied in section 2.3, a similar deformation of the potential
can occur in the case that its shift symmetry is broken.10
9It is remarkable that although the SUSY breaking effects deform the potential as shown in figure 3, the
deformation does not occur drastically compared with the case of the minimal Ka¨hler model. That is due
to the functional form of the rescaling factor Ω.
10The effects of the shift symmetry breaking are studied in refs. [9, 10, 25, 26].
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In the case that the inflaton potential is sensitive to the SUSY breaking, the breaking
scale would be extracted model by model from the estimation of its effects on the predicted
values of the cosmological parameters which are compared with the observational results,
where the effective description proposed in section 3 will be useful. That is also impor-
tant from the viewpoint of particle phenomenology. Sparticles have not been discovered
at the LHC experiments, while the discovery of Higgs boson with its mass 126GeV may
imply that the SUSY breaking scale is very high. If it is the case, it is extremely difficult
to seek the evidence for SUSY at the collider experiments, however, the effects of spar-
ticles (or SUSY breaking) may be proved by the cosmological observations based on the
above considerations.
5 Conclusion
In this paper, we have discussed the SUSY breaking effects on typical inflation mechanisms.
As shown in section 2, the model with Kmin is susceptible to the SUSY breaking effects,
while the models with Kconf and Kshift are not so.
Such a difference can be easily understood by noticing the field-dependent rescaling
factor of the gravity-mediated SUSY breaking terms based on the conformal supergravity
framework. In both of the latter two models, the terms induced by the SUSY breaking
are suppressed by the rescaling factor Ω = −3 exp(−K/3). During the inflationary era,
|Ω| = 3 exp(−K/3) is small with Kmin, while it becomes large (totally unchanged) with
Kconf (Kshift), that is the essential difference between these typical inflation models. As
discussed in section 3, the physical dimensionful parameters are rescaled by the compen-
sator, accompanied by the field-dependent factor Ω, and the behavior of the SUSY breaking
terms is governed by the structure of the rescaling factor in the Einstein frame.
In the same way, we can understand that the so-called η problem in the large field
regime is caused by the enhancement of the terms due to the rescaling factor.11 Under-
standing in this manner would be useful to construct the models of inflation and particle
cosmology. For example, the recent result from BICEP2 supports the inflation mecha-
nisms with a large field value of inflaton, such as the chaotic inflation. In the supergravity
framework, such large-field models lead to a decreasing or increasing |Ω| in general, which
spoils the flatness of the inflaton potential when the SUSY breaking is incorporated. Then,
certain symmetries of the Ka¨hler potential terms restricting the structure of Ω will be im-
portant to avoid such a problem. As we have shown, for example, the shift symmetry in
the chaotic inflation in supergravity plays essential roles to ensure the flatness of scalar po-
tential even with the SUSY breaking, because the symmetry forbids the decreasing feature
of the factor Ω and restricts the deformation of the potential caused by SUSY breaking
effects. Therefore, it would be important to seek the origin of such a symmetry in some
UV completions of these inflation models.
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A A general description of F-term potential with conformal supergravity
We briefly review the structure of the F-term scalar potential in terms of the conformal
supergravity.12 Here, we explicitly denote the Planck scale Mpl to clarify mass dimensions
of each quantities. In the framework of N = 1 conformal supergravity with the spacetime-
dimension four, an unphysical multiplet is introduced to fix the extra symmetries for ob-
taining the Poincare´ supergravity, which is called the chiral compensator multiplet denoted
by S0 in this paper. Then the general action for physical chiral multiplets ΦI is written by[
S0S¯0Ω(ΦI , Φ¯J¯)
]
D
+
[S30W(ΦI)]F , (A.1)
where [· · · ]D,F denote the D- and F-term superconformal density formulae, respectively,
and Φ¯J¯ is the Hermitian conjugate of ΦJ . The action (A.1) is determined by the Weyl
and chiral weights (w, n) assigned to S0 with (1, 1) and to Φ
I with (0, 0), respectively. We
have to stress that the action (A.1) does not contain any dimensionfull quantities due to
the superconformal symmetry, and therefore, all the components of each superconformal
multiplets are dimensionless.
We focus on the F-term potential contained in the action (A.1), that is written as
−VF = S0S¯0ΩIJ¯F I F¯ J¯+ΩFS0F¯ S¯0+
(
S0ΩJ¯F
S0F¯ J¯ + S30WIF I + 3FS0S20W + h.c.
)
, (A.2)
where S0 and F
S0 are the scalar and F-component of S0, respectively, and F I is the F-
component of ΦI . Note that Ω and W (without the arguments) are not the functions of
chiral multiplets ΦI themselves but of the scalar components of ΦI . First, we integrate out
FS0 and its conjugate, and obtain the following expression,
−VF = S0S¯0ΩIJ¯F I F¯ J¯ +
(
S30WIF I + h.c.
)− ΩF˜S0 ˜¯F S¯0 , (A.3)
where
F˜S0 = − 1
Ω
(
S¯0ΩIF
I + 3S¯20W¯
)
. (A.4)
We can also integrate out F I and its conjugate, and find the following scalar potential VF ,
VF = |S0|4MIJ¯
(
WI − 3ΩI
Ω
W
)(
W¯J¯ −
3ΩJ¯
Ω
W¯
)
+
9|S0|4
Ω
|W|2, (A.5)
whereMIJ¯ ≡ ΩIJ¯ − Ω−1ΩIΩJ¯ , andMIJ¯ is the inverse ofMIJ¯ .
To obtain the Poincare´ supergravity action in the Einstein frame, we choose the fol-
lowing gauge-fixing conditions,
S0S¯0Ω = −3M2pl, (A.6)
12For more details, see, e.g., ref. [27] and references there in.
– 13 –
J
H
E
P
0
1
(
2
0
1
5
)
0
2
6
and
S0 = S¯0, (A.7)
which fix the extra (dilatation and U(1)) gauge symmetries those are absent in the Poincare´
supergravity. Then the conditions can be solve in terms of S0 and S¯0 as follows,
S0 = S¯0 =
(
− 3
Ω
) 1
2
Mpl. (A.8)
We note that the mass dimension is introduced through these procedure, and also recognize
that the canonical mass dimension in the physical theory corresponds to the Weyl weight
because the Weyl weight of S0 corresponds to the mass dimension of the right-hand side
of (A.8).
Substituting eq. (A.8) into eq. (A.5), the scalar potential VF is expressed by
VF =M
4
pl
9
Ω2
MIJ¯
(
WI − 3ΩI
Ω
W
)(
W¯J¯ −
3ΩJ¯
Ω
W¯
)
+M4pl
81
Ω3
|W|2. (A.9)
Although the Planck mass is introduced to the action, the superpotential W and φI
which is the scalar components of ΦI are dimensionless. That is because φI and φ¯J¯ have zero
Weyl weights respectively. Their canonical dimensions are adjusted to the physical ones
by the couplings with the compensator S0, and that is also true for the superpotential W.
Therefore such dimensionfull quantities are associated with the factor
(− 3Ω) 12 in eq. (A.8).13
Then, we redefine φI as well as W by the following relation:14
φI = φ˜I/Mpl, (A.10)
W(φ) = W (φ˜I)/M3pl. (A.11)
After these procedures, the action (A.9) is rewritten as
VF =
9
Ω2
MIJ¯
(
WI − 3ΩI
ΩM2pl
W
)(
W¯J¯ −
3ΩJ¯
ΩM2pl
W¯
)
+
81
Ω3M2pl
|W |2. (A.12)
The physical Ka¨hler potential K is related to Ω as
Ω = −3e−K/3M2pl . (A.13)
One can easily confirm that the F-term scalar potential (A.9) is equivalent to the expression
in eq. (2.6) with eq. (A.13).
13Although we only consider chiral multiplets here, these statements are applicable to all the other types
of multiplets which do not have their Weyl weights not compatible with their canonical dimensions.
14We replace φI to φ˜I to clarify the relation between the quantities in conformal SUGRA and physical
ones, however we use the unit Mpl = 1 in the other sections. Then all the expressions are not altered there
by the replacement. Therefore, we don’t distinguish φI with φ˜I , except for ones in this appendix.
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The Ω dependence of each terms in the conformal model is obvious because Ω is
given by the polynomial of the scalar fields. On the other hand, in the minimal Ka¨hler
model (3.1),
K =
∑
I
|φ˜I |2, (A.14)
the matrixMIJ¯ is
MIJ¯ = −
1
3
Ω
(
δIJ¯ −
1
3M2pl
ΦJ Φ¯I¯
)
(A.15)
≡ −1
3
ΩM˜IJ¯ . (A.16)
Then the scalar potential (A.9) can be rewritten as
VF = − 27
Ω3
[
M˜IJ¯(WI + Φ¯
I¯
M2pl
W )(W¯J¯ +
ΦJ
M2pl
W¯ )− 3|W |2
]
, (A.17)
where M˜IJ¯ is an inverse of M˜IJ¯ . Then the SUSY breaking term in the minimal Ka¨hler
model can be easily found as
− 27
Ω3
Φ¯
M2pl
W × Φ
M2pl
W¯ ∼ − 27W
2
0
Ω3M4pl
|Φ|2. (A.18)
B Estimation of the back reaction effects
In 2.2 and 2.3, an additional multiplet S and a SUSY breaking multiplet X are required
to have quartic terms in the Ka¨hler potential, and the quartic coupling constants 1/Λ2
and ζ in eqs. (2.12), (2.21) and (2.32) should be sufficiently large. Here we quantify how
large ζ is required in order the back reaction effects we ignore in sections 2.2 and 2.3 to be
sufficiently small.
First, we discuss the case in section 2.3. In this case, the terms of S, X and σ are
written as,
δVshift ∼− 2W0µ2(X + X¯) +
√
2mφW0(iS¯ − iS) +m2X |X|2 +m2S |S|2
+
1
2
m2σσ
2 +
mφµ2√
2
(−iSX¯ + iS¯X), (B.1)
where
m2X ≡
4µ4
Λ2
− 2W 20 +
1
2
m2φ2, (B.2)
m2S ≡2ζm2φ2 + µ4 − 2W 20 , (B.3)
m2σ ≡m2φ2 + 2µ4 − 2W 20 , (B.4)
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and we neglect the other smaller terms. We can evaluate the minimum of the poten-
tial during inflation and obtain the field values of S, X, and σ at the minimum during
inflation as,
X =
2W0µ
2(m2S +m
2φ2/2)
m2Sm
2
X − µ4m2φ2/2
, (B.5)
S =
−i√2mφW0(m2X + µ4)
m2Sm
2
X − µ4m2φ2/2
, (B.6)
σ =0. (B.7)
By substituting eqs. (B.5)–(B.7), the expectation value of the back reaction potential at
the minimum, denoted by δVshift|min, and the ratio between δVshift|min and 3H2 = 12m2φ2
are estimated as,
δVshift|min
3H2
∼


−W
2
0
ζH2
(for W0/H ≪ 1)
−Λ
2W 20
3H2
− W
2
0
3ζH2
(for W0/H ≫ 1)
, (B.8)
where W0/H = W0/
√
m2φ2/6. As we find from eq. (B.8), the back reaction can be
negligible for ζ ≫ 1 and Λ≪ 1 as we mentioned in Footnote 4. For example, if ζ, 1/Λ2 >
10W 20 /(3H
2) and W0/H ≫ 1, the back reaction from S and X is of O(0.1H2).
Next, we discuss the case of the conformal model in section 2.2 in the same way. For
simplicity, we consider the parameter region W0/H < 0.1, which we discuss in section 2.2.
We show the terms involving the relevant fields S and X, denoted by δVconf ,
δVconf ∼
(
−W0λf
Ω3
S − λ
2f2
Ω3
S2 + h.c.
)
+
(
6ζλ2f2
Ω3
+
2W 20
Ω
)
|S|2 (B.9)
−
((
W0
ξΩ
)2
X +
3W 20
Ω4
X2 + h.c.
)
+
(
2
λ2f2
Ω2
+ 3
(
4
Λ2
− 2
3Ω
)
W 20
)
|X|2,
where we only show the leading terms of W0. After integrating out S and S¯, we can
estimate the following back reaction term as,
δVconf |min ∼ − 3
6ζ − 23
|W0|2
Ω3
. (B.10)
Let us compare the inflationary potential Veff in eq. (2.29) and δVconf |min as in the previous
case. Their ratio is evaluated as,
δVconf |min
Veff
∼ W
2
0
(6ζ − 2/3)Ω3H2 . (B.11)
As we find in eq. (B.11), the back reaction is not only suppressed if ζ is sufficiently large
but also suppressed if the rescaling factor Ω is large enough. Therefore, for the parameter
space r < 0.1 for example, which we discuss in section 2.2, we can neglect the back reaction
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effect even with ζ ∼ 0. Note, however, that in this concrete example the mass eigenvalues of
S and S¯ during inflation become tachyonic for ζ < 1/9, which can be avoided by requiring
ζ > 1/9 without spoiling the smallness of the back reaction (B.11).
We should remark that, in both of cases, the vacua after inflation become nontrivial
ones when the SUSY breaking scale is much larger than the scale of inflation. In this paper,
we don’t discuss the vacua after the inflation because they highly depend on the detailed
setup of models. In any case, we conclude that the flatness of the inflaton potential is
preserved for sufficiently large values of ζ and 1/Λ2.
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Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
References
[1] A.H. Guth, The inflationary universe: a possible solution to the horizon and flatness
problems, Phys. Rev. D 23 (1981) 347 [INSPIRE].
[2] A.A. Starobinsky, A new type of isotropic cosmological models without singularity,
Phys. Lett. B 91 (1980) 99 [INSPIRE].
[3] K. Sato, First order phase transition of a vacuum and expansion of the universe, Mon. Not.
Roy. Astron. Soc. 195 (1981) 467 [INSPIRE].
[4] Planck collaboration, P.A.R. Ade et al., Planck 2013 results. XXII. Constraints on
inflation, Astron. Astrophys. 571 (2014) A22 [arXiv:1303.5082] [INSPIRE].
[5] F.L. Bezrukov and M. Shaposhnikov, The standard model Higgs boson as the inflaton,
Phys. Lett. B 659 (2008) 703 [arXiv:0710.3755] [INSPIRE].
[6] BICEP2 collaboration, P.A.R. Ade et al., Detection of B-mode polarization at degree angular
scales by BICEP2, Phys. Rev. Lett. 112 (2014) 241101 [arXiv:1403.3985] [INSPIRE].
[7] A.D. Linde, Chaotic inflation, Phys. Lett. B 129 (1983) 177 [INSPIRE].
[8] M. Kawasaki, M. Yamaguchi and T. Yanagida, Natural chaotic inflation in supergravity,
Phys. Rev. Lett. 85 (2000) 3572 [hep-ph/0004243] [INSPIRE].
[9] R. Kallosh and A. Linde, New models of chaotic inflation in supergravity,
JCAP 11 (2010) 011 [arXiv:1008.3375] [INSPIRE].
[10] R. Kallosh, A. Linde and T. Rube, General inflaton potentials in supergravity,
Phys. Rev. D 83 (2011) 043507 [arXiv:1011.5945] [INSPIRE].
[11] K. Nakayama, F. Takahashi and T.T. Yanagida, Constraint on the gravitino mass in hybrid
inflation, JCAP 12 (2010) 010 [arXiv:1007.5152] [INSPIRE].
[12] F. Takahashi, New inflation in supergravity after Planck and LHC,
Phys. Lett. B 727 (2013) 21 [arXiv:1308.4212] [INSPIRE].
[13] T. Kugo and S. Uehara, Conformal and Poincare´ tensor calculi in N = 1 supergravity,
Nucl. Phys. B 226 (1983) 49 [INSPIRE].
[14] T. Kugo and S. Uehara, N = 1 superconformal tensor calculus: multiplets with external
Lorentz indices and spinor derivative operators, Prog. Theor. Phys. 73 (1985) 235 [INSPIRE].
– 17 –
J
H
E
P
0
1
(
2
0
1
5
)
0
2
6
[15] S. Ferrara, R. Kallosh, A. Linde, A. Marrani and A. Van Proeyen, Jordan frame supergravity
and inflation in NMSSM, Phys. Rev. D 82 (2010) 045003 [arXiv:1004.0712] [INSPIRE].
[16] S. Ferrara, R. Kallosh, A. Linde, A. Marrani and A. Van Proeyen, Superconformal symmetry,
NMSSM and inflation, Phys. Rev. D 83 (2011) 025008 [arXiv:1008.2942] [INSPIRE].
[17] P. Binetruy and G.R. Dvali, D term inflation, Phys. Lett. B 388 (1996) 241
[hep-ph/9606342] [INSPIRE].
[18] E. Halyo, Hybrid inflation from supergravity D terms, Phys. Lett. B 387 (1996) 43
[hep-ph/9606423] [INSPIRE].
[19] R. Kallosh, A. Linde and D. Roest, Universal attractor for inflation at strong coupling,
Phys. Rev. Lett. 112 (2014) 011303 [arXiv:1310.3950] [INSPIRE].
[20] M. Czerny, T. Higaki and F. Takahashi, Multi-natural inflation in supergravity,
JHEP 05 (2014) 144 [arXiv:1403.0410] [INSPIRE].
[21] R. Kallosh, L. Kofman, A.D. Linde and A. Van Proeyen, Superconformal symmetry,
supergravity and cosmology, Class. Quant. Grav. 17 (2000) 4269 [Erratum ibid. 21 (2004)
5017] [hep-th/0006179] [INSPIRE].
[22] R. Kallosh and A. Linde, Hidden superconformal symmetry of the cosmological evolution,
JCAP 01 (2014) 020 [arXiv:1311.3326] [INSPIRE].
[23] R. Kallosh, A. Linde and D. Roest, Large field inflation and double α-attractors,
JHEP 08 (2014) 052 [arXiv:1405.3646] [INSPIRE].
[24] R. Kallosh, A. Linde and A. Westphal, Chaotic inflation in supergravity after Planck and
BICEP2, Phys. Rev. D 90 (2014) 023534 [arXiv:1405.0270] [INSPIRE].
[25] T. Li, Z. Li and D.V. Nanopoulos, Supergravity inflation with broken shift symmetry and
large tensor-to-scalar ratio, JCAP 02 (2014) 028 [arXiv:1311.6770] [INSPIRE].
[26] K. Harigaya and T.T. Yanagida, Discovery of large scale tensor mode and chaotic inflation
in supergravity, Phys. Lett. B 734 (2014) 13 [arXiv:1403.4729] [INSPIRE].
[27] T. Kugo and S. Uehara, Improved superconformal gauge conditions in the N = 1 supergravity
Yang-Mills matter system, Nucl. Phys. B 222 (1983) 125 [INSPIRE].
[28] W. Buchmu¨ller, E. Dudas, L. Heurtier and C. Wieck, Large-field inflation and
supersymmetry breaking, JHEP 09 (2014) 053 [arXiv:1407.0253] [INSPIRE].
[29] D. Roest, M. Scalisi and I. Zavala, Ka¨hler potentials for Planck inflation,
JCAP 11 (2013) 007 [arXiv:1307.4343] [INSPIRE].
– 18 –
